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. $0$ $\lambda$ . $\Sigma$
$\Sigma^{*}$ , $\Sigma^{+}$ . , $\Sigma^{+}=\Sigma^{*}-\{\lambda\}$ .
$w=a_{1}a_{2}\cdots a_{n}(n\geq 0, a_{1}, \cdots, a_{n}\in\Sigma)$ , $n$ w $|w|$ .
, $A$ $|A|$ . , R , $R_{-\infty}$
, $R\cup\{-\infty\}$ .
21 ( E- ) , 6 $A=<\Sigma,$ $Q,$ $\delta,$ $S,$ $F,$ $e>$
. ,
$\Sigma$ : , $Q$ : , $\delta$ :
$S$ : , $F$ : , $e$ :
$<\Sigma,$ $Q,$ $\delta,$ $S,$ $F>$ $w\in\Sigma^{*}$ \mbox{\boldmath $\delta$}(S, $w$ ) $\in$ F ,
$A$ . , $e$ $Q_{\mathrm{X}}\Sigma_{\mathrm{X}}Q$ $R_{-\infty}$
$(e:Q\mathrm{x}\Sigma_{\mathrm{X}Q}arrow R_{-\infty})$ . , $e$ .
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(1) $e$ $e$ : $Q\cross\Sigma^{*}\cross Qarrow R_{-\infty}$ $e:2^{Q}\cross\Sigma^{*}\cross 2^{Q}arrow R_{-\infty}$ .
(1.1) $\forall p,$ $q\in Q$ , $e(p, \lambda, q)=0$ (P=q ), $e(p, \lambda, q)=-\infty$ (P\neq q )
(1.2) $\forall p,$ $q\in Q,$ $\forall w\in\Sigma^{*},$ $\forall a\in\Sigma$ ,
$e(p, wa, q)= \max\{e(p, w, q^{;})+e(q’, a, q)|q’\in Q\}$
, $\forall i\in R_{-\infty}$ , $\max\{i, -\infty\}=i$ $i+(-\infty)=-\infty$
(1.3) $\forall t,$ $t’\subset Q,$ $\forall \mathrm{w}\in$ \Sigma 1 , $e(t, w,t/)= \max\{e(p, w, q)|p\in t, q\in t’\}$
(2) $A$ $L(A)$ . $L(A)=\{w\in\Sigma^{*}|\delta(S, w)\cap F\neq\emptyset\}$
(3) 2 E- $A_{1}$ $A_{2}$ $L(A_{1})=L(A_{2})$ , $L$ .
(4) $\forall w\in\Sigma^{*}$ , $e(S, w, F)$ $w$ . , E- $A$
, $E(w, A)=e(S, w, F)$ .
(5) $A_{1},$ $A_{2}$ $\Sigma$ 2 E- . $\forall w\in\Sigma^{*}$ ,
(5.1) $E(w, A_{1})=E(w, A_{2})$ , $A_{1}$ $A_{2}$ , $A_{1}\equiv A_{2}$ .
(5.2) $E(w, A_{1})\geq E(w, A_{2})$ , $A_{1}$ $A_{2}$ , $A_{1}\geq A_{2}$ .
(6) E- A , .
$\forall q\in Q,$ $\forall a\in\Sigma$ , $|\delta(q, a)|\leq 1,$ $|S|=1$ .
$A$ , $\forall q\in Q,$ $\forall a\in\Sigma,$ $\forall q’\in\delta(q, a)$ , $\delta(q, a)=q^{;}$ .
(7) $m$ E- $A_{\mathrm{i}}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq m)$ ( , $\forall j,$ $k(1\leq j<$
$k\leq m)$ , $Q_{j}\cap Q_{k}=\emptyset$ , .
2 $E$- $A_{1}=<\Sigma,$ $Q_{1},$ $\delta_{1},$ $\{s_{1}\},$ $F_{1},$ $e_{1}>$ $A_{2}=<\Sigma,$ $Q_{2},$ $\delta_{2},$ $\{s_{2}\},$ $F_{2},$ $e_{2}>$
, 2 $\mathrm{x}|Q_{1}|\mathrm{X}|Q_{2}|$ , $e(\{S_{1}\}, w, F1)=e(\{s2\}, w, F_{2})$
[5].
3 $E-$
, E- , .
31 $m(m\geq 1)$ E- $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq$
$i\leq m)$ , E- $A_{1}$.






(2) $\forall i(1\leq i\leq m),$ $\forall q\in Q_{i},$ $\forall a\in\Sigma$ ,
$\delta(q, a)=\delta i(q, a)$ $e(q, a, \delta(q, a))=ei(q, a, \delta i(q, a))$
3.1 $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq m)$ $m(m\geq 1)$ E-
, $\forall w\in\Sigma^{*}$ ,
$E(w, A_{1}\cup\cdots\cup A_{m})=1\mathrm{n}\mathrm{a}\mathrm{x}\{E(w, A_{i})|1\leq i\leq m\}$
.
4 E-
, E- ( ) E-
E- 31 (
3.1) $m(m\geq 1)$ E- $E$- $n(n\geq 1)$
$E$ - E-
$n(n\geq 1)$ E- E-
1 E- , $n\geq 1$
, $A_{1}\cup\cdot$ . $A_{n+1}$ .
41 \Gamma (Al, $\cdot$ . . , $A_{n+1}$ ) $=<\Sigma,$ $Q,$ $\delta,$ $\{s\},$ $F>$ .
(1) $Q=Q_{1}\cross\cdots\cross Qn+1,$ $S=(s_{1},$ $\cdot’\cdot,$ $S_{n}+1,$ $F=F_{1}\cross\cdots.\mathrm{X}Fn+1$
(2) $\forall a\in\Sigma,$ $\forall(q_{1}, \cdots, q_{n}\dagger 1)\in Q_{1}\cross\cdots\cross Q_{n+1}$ ,
$\delta((q_{1}, \cdots, qn+1), a)=(\delta 1(q_{1}, a),$
$\cdots,$ $\delta n+1(q_{n+1}, a))$
4.1 $A_{1}\cup\cdots\cup A_{n}\equiv A_{n+1}$ . , $\forall x,$ $z\in\Sigma^{*},$ $y\in\Sigma^{+},$ $(q_{1}, \cdots, q_{n+1})\in Q$
, $\delta(s, x)=\delta(s, xy)=(q_{1}, \cdots, q_{n}+1)$ \mbox{\boldmath $\delta$}(s, $xyz$ ) $\in$ F , $1\leq i\leq n$ ,
(1) $\sim(3)$ .
(1) $E(xyz, A_{1}\cup\cdots\cup A_{n})=E(xy_{\mathcal{Z}A},i)=E(xy_{ZA},n+1)$
(2) $E(xz, A_{1}\cup\cdots\cup A_{n})=E(xz, A_{i})=E(xz, A_{n}+1)$
(3) $e_{i}(q_{i}, y, q_{i})= \max\{e_{j}(q_{j,y,q_{j}})|1\leq j\leq n\}=e_{n+1}(qn+1, y, qn+1)$
, $A_{1}\cup\cdots\cup A_{n}$ $A_{n+1}$
4.1 $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq n+1, n\geq 1)$ $n+1$ $L$ E-
, $\Gamma(A1, \cdots, A_{n}+1)$ 41 . , 4
.
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(1) $A_{1^{\cup\cdots\cup A}n}\equiv A_{n+1}$
(2) w\in \Sigma l , $E(w, A_{1}\cup\cdots\cup A_{n})=E(w, A_{n+1})$
(3) $3\cross(n+1)\cross|Q_{1}|\cross\cdots \mathrm{x}|Qn+1|$ $w\in\Sigma^{*}$ , (A) .
(A): $\forall x,$ $y,$ $z\in\Sigma^{*},$ $(q_{1}, \cdots, q_{n+1})\in Q$ , , $w=xyz,$ $\delta(s, x)=\delta(s, xy)=$
$(q_{1}, \cdots , q_{n})$ \mbox{\boldmath $\delta$}(s, $xyz$ ) $\in$ F , $1\leq i\leq n$ , (3.1) $\sim(3.3)$
.
(3.1) $E(xyz, A_{1}\cup\cdots\cup A_{n})=E(xy_{ZA},i)=E(xy_{ZA},n+1)$
(3.2) $E(xz, A_{1}\cup\cdots\cup A_{n})=E(xz, A_{i})=E(xz, A_{n}+1)$
(3.3) $e_{i}(qi, y, qi)=1\mathrm{n}\mathrm{a}\mathrm{X}\{ej(qj, y, qj)|1\leq j\leq n\}=e_{n+1}(qn+1, y, qn+1)$
(4) $W\in\Sigma^{*}$ , (B) .
(B): $\forall x,$ $y,$ $z\in\Sigma^{*},$ $(q_{1}, \cdots, q_{n+1})\in Q$ , , $w=xyz,$ $\delta(s, x)=\delta(s, xy)=$
( $q_{1},$ $\cdots$ , q \mbox{\boldmath $\delta$}(s, $xyz$ ) $\in$ F , $1\leq i\leq n$ , (4.1) $\sim(4.3)$
.
(4.1) $E(xy_{Z}, A_{1}\cup\cdots\cup A_{n})=E(xyZ, A.i)=E(xyz, A_{n+1})$
(4.2) $E(xz, A_{1}\cup\cdots\cup A_{n})=E(xz, A_{i})=E(xz, A_{n+1})$
(4.3) $e_{i}(q_{i}, y, q_{i})= \max\{e_{j}(q_{j,y,q_{j}})|1\leq j\leq n\}=e_{n+1}(qn+1, y, qn+1)$
41 , $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq n+1, n\geq 1)$ $L$ $E- \text{ }-$
, $A_{1}\cup\cdots\cup A_{n}$ $A_{n+1}$ .
$i^{\mathrm{a}}$ , $A_{1}\cup\cdots\cup A_{n}\equiv A_{n+1}$
42 $n+1$ $L$ E- $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq n+1)$
, $A_{1}\cup\cdots\cup A_{n}\equiv A_{n+1}$ .
$m(m\geq 1)$ $n(n\geq 1)$ E- 2 E-
42 $m+n(m, n\geq 1)$ E- $A_{k}=<\Sigma,$ $Q_{k},$ $\delta_{k}$. $’\{s_{k}\},$ $Fk,$ $ek>(1\leq$
$k\leq m+n)$ , 2 .
(1) $A_{1}\cup\cdots\cup Am\equiv A_{m}+!\cup\cdots\cup A_{m+}n$
(2) $1\leq i\leq m$ , $A_{i}\leq A_{m+m}1^{\cup\cdots\cup A}+n$
$m.+1\leq j\leq m+n$ , $A_{j}\leq A_{1}\cup\cdots\cup A_{m}$
43 E- .
: $n+1(n\geq 1)$ E-
$A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i},$ $\{s_{i}\}$ , $F_{i},$ $e_{i}>(1\leq i\leq n+1)$ .
: $A_{1}\cup\cdots\cup A_{n}\geq A_{n+1}$ , ”yes”.
$A_{1}\cup\cdots\cup A_{n}\not\geq A_{n+1}$ , ”no”.
44 $n+1(n\geq 0)$ E- $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq n+1)$
, E- H(A1, $\cdot$ . . , $A_{n+1}$ ) $=<\Sigma,$ $Q,$ $\delta,$ $\{s\},$ $F>$ .
(1) $Q=Q_{1}\cross\cdots\cross Q_{n+1},$ $s=(s_{1,n+1}\ldots, s)$
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(2) $\forall a\in\Sigma,$ $\forall(P1, \cdots,Pn+1)\in Q$ ,
$\delta((p_{1}, \cdots,p_{n}+1), a)=(\delta_{1}(p_{1}, a),$ $\cdots,$ $\delta n+1(Pn+1, a))$
(3) $F=(F_{1}\cross Q_{2}\cross\cdots\rangle\langle Qn+1)\cup(Q_{1}\mathrm{x}F_{2}\mathrm{x}Q_{3}\cross\cdots\cross Qn+1)\cup\cdots\cup(Q_{1}\mathrm{x}\cdots \mathrm{x}Q_{n}\cross F_{n+1})$
43 $n+1(n\geq 0)$ E- $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq n+1)$
, $L(\Pi(A_{1}, \cdots, An+1))=L(A1)\cup\cdots\cup L(A_{n+1})$ .
44 $n+1(n\geq 1)$ E- $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i}$ , ei $>(1\leq i\leq n+1)$
, , $A_{1}\cup-\cdot\cdot\cup A_{n}\geq A_{n+1}$ , $L(\Pi(A_{1}, \cdots, A_{n}))\supseteq L(A_{n+1})$ .
$n\geq 1$ , $A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i}$ , {si}, $F_{i},$ $e_{i}>(1\leq i\leq n+1)$ $n+1$ E-
. 44 (Al, $\cdot$ . . , $A_{n+1}$ ) $=<\Sigma,$ $Q,$ $\delta,$ $\{s\},$ $F>$
45 $w\in\Sigma^{+}$ , $A(w)=<\Sigma,$ $Q(w),$ $\delta(w),$ $\{s\},$ $F(w)>$
.
(1) $Q(w)=$ { $(P1,$ $\cdots,p_{n}+1)|$ $x,$ $y\in\Sigma^{*}$ , w=xy $(P1,$ $\cdots,p_{n+1})=\delta(S,$ $x)$ }
(2) $\delta(w)$ $Q(w)\cross\Sigma$ $Q(w)$ $(\delta(w):Q(w)\cross\Sigmaarrow Q(w))$ , $\forall(p_{1}, \cdots,p_{n+}1)$
$\in Q(w)$ $\forall a\in\Sigma$ , .
(2.1) , $x,$ $y\in$ \Sigma 1 , w=xay $(p_{1}, \cdots,p_{n+}1)=\delta(s, x)$ ,
$\delta(w)((p1, \cdots,\mathrm{P}n+1), a)=\delta((p1, \cdots,pn+1), a)$
(2.2) (2.1) $x,$ $y\in\Sigma^{*}$ , $\delta(w)((p1, \cdots,pn+1), a)=\emptyset$
(3) $F(w)=\{\delta(S, w)\}\cap F$
46 $S(A_{1,+}\ldots, A_{n}1)$ : $S(A_{1}, \cdots, A_{n+1})=\{A(w)|w\in\Sigma^{+}\}$
47 $m\geq 1,1\leq r\leq m$ , ${}_{m}P_{r}=m(m-1)\cdots(m-(r-1))$ .
48 $I(A1, \cdots, A_{n}+1)$ . , $m=|Q|\cross|\Sigma|$ .
$I(A_{1}, \cdots, A_{n+1})=(_{m}P_{1}+_{m}P_{2}+\cdots+_{m}P_{m}+1)(|Q|+1)$
49 $w\in\Sigma^{+},$ $A(w)=<\Sigma,$ $Q(w),$ $\delta(w),$ $\{s\},$ $F(w)>$ . $\forall p\in Q(w),$ $i\geq 1,$ $a_{1},$ $\cdots,$ $a_{i}\in$
$\Sigma$ , , $\delta(w)(P, a1\ldots ai)=p$ $i=1$ $0\leq j<k\leq i$ , $\delta(w)(P, a_{1}\cdots aj)\neq$
$\delta(w)(.p, a_{1}\cdots ak)$ $(p, a_{1} ...a_{i},p)$ $A(w)$
,4m.$1=||\text{ ^{ }}\Sigma|w$.
$\in\Sigma^{+}$ , $A(w)$ ${}_{m}P_{1}+_{m}P_{2}+\cdot.$ . $+_{m}$ .
45 $S(A_{1}, \cdots, A_{n+1})=$ { $A(w)|w\in\Sigma^{+}$ $|w|<I(A_{1,+1}$. $*\cdot,$ $A_{n})$ }
410 $w\in\Sigma^{+}\cap L(A_{n+1})$ , $A(w)$ , (1), (2) .
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(1) w MCD $(w)$ (1.1), (1.2)
$(S, X_{1,p1,y_{1}},p1, x2,p2, y2,p2, \cdots, x_{k,p_{k}}, yk,pk, x_{k+’ k}1p+1)$
. $MCD(w)$ $w$ .
(1.1) $w=x_{1}y1x2y2\ldots x_{k}ykxk+1$
(1.2) $1\leq i\leq k$ , $p_{i}=\delta(s, x_{1}y1x2y2\ldots xi-1y_{i1}-xi)$ . $(p_{i}, y_{i,Pi})\}$ $A(w)$
$|x_{\mathrm{i}}|\leq|Q|$ .
(2) $MCD(w)=\{\beta_{1},\beta_{2}, \cdots, \beta_{t}\}(t\geq 1)$ . \beta i(l $\leq i\leq t$ ) ,
$LIS^{2}(w,\beta_{i})$ .
$\beta_{i}=(S, x_{1},p_{1}, y1,p1, x_{2,p2}, y2,\mathrm{P}2, \cdots, Xk,pk, yk,p_{k}, x_{k+}1,p_{k}+1)$
. k $X_{1},X_{2,k}\ldots,$$X$ $LIS(w, \beta_{i})$ .
$1\leq i\leq n$ ,
$X_{j}\geq 0(1\leq j\leq k),$ $a_{i}+bi1x1+bi2X_{2}+\cdots+bikX_{k}<a_{n+1}+b_{n}+11x_{1}+bn+12X2+\cdots+b+n1$
, $a_{f}=E(x1X2\ldots xk+1, A_{f})(1\leq f\leq n+1)$ . , $1\leq f\leq n+1,1\leq j\leq k$
, $b_{fi}=e_{f}(\delta f(Sf, X_{1}X_{2}\cdots x_{j}),$ $yi,$ $\delta_{f}(sf, X1x2\ldots Xi))$ .
42 2 .
(1) $A_{1}\cup\cdots\cup A_{n}\geq A_{n+1}$
(2) $w\in\Sigma^{+}\cap L(A_{n+1})$ , (2.1) (2.2) .
(2.1) $A(w)$ , $E(w, A_{1}\cup\cdots\cup A_{n})\geq E(w, A_{n+1})$
(2.2) $A(w)$ , $w$ \beta $\in MCD(w)$ ,
$LIS(w, \beta)$ .
43 3 .
(1) $A_{1}\cup\cdots\cup A_{n}\geq A_{n+1}$
(2) $|Q|\cross I(A1, \cdots, A_{n+}1)$ $w\in\Sigma^{+}\cap L(A_{n+1})$ , (2.1) (2.2)
. .
(2.1) $A(w)$ , $E(w, A_{1}\cup\cdots\cup A_{n})\geq,E(w, A_{n+}1)$
(2.2) $A(w)$ , $w$ \beta $\in MCD(w)$ ,
$LIS(w, \beta)$ .
(3) $w\in\Sigma^{+}\cap L(A_{n+1})$ , (3.1) (3.2) .
(3.1) $A(w)$ , $E(w, A_{1}\cup\cdots\cup A_{n})\geq E(w, A_{n+1})$
1MCD: Minimal Closed-path Decomposition
2LIS: Linear Inequality Set
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(3.2) $A(w)$ , w \beta $\in MCD(w)$ ,
$LIS(w, \beta)$ .
43 , E- $|Q|\cross I(A1, \cdots, A_{n+}1)$
$w\in\Sigma^{+}\cap L(A_{n+1})$ $MCD(w)$ , $\beta\in MCD(w)$
, .
[4] , 44 .
44 E- .
411 E- .
: $m(m\geq 1)$ E-
$A_{i}=<\Sigma,$ $Q_{i},$ $\delta_{i},$ $\{s_{i}\},$ $F_{i},$ $e_{i}>(1\leq i\leq m)$ .
$n(n\geq 1)$ E-
$A_{m+j}=<\Sigma,$ $Q_{m+j},$ $\delta_{m+}j,$ $\{_{S_{m+}}j\},$ $F_{m+jj},$$em+>(1\leq j\leq n)$ .
: $A_{1}\cup\cdots\cup A_{m}\equiv A_{m+1^{\cup\cdots\cup}}A_{m+n}$ , ”yes”.
$A_{1}\cup\cdots\cup A_{m}\not\equiv A_{m+1^{\cup\cdots\cup}}A_{m+n}$ , ” $\mathrm{n}\mathrm{o}$”.
45 E- .
$E-$ $A$ $A$ $\equiv A_{1}\cup\cdots\cup A_{m}$ $E-$
$A_{1},$ $\cdots,$ $A_{m}(m\geq 1)$ ( )
46 E-
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